The activity of enzymes involved in polyol metabolism was investigated in uredospores and mycelial cultures of the flax rust fungus, Melampsora Zini. Mycelial cultures displayed poIyo1 dehydrogenase activity with a range of sugars using either NADH or NADPH as a cofactor. Highest activity was found with fructose and NADPH. The relative pattern with different substrates was unaffected by the carbohydrate used in the culture medium. Highest absolute activity was detected with culture media containing D-glucitol or D-mannitol. Mannitol and D-arabitol were the polyols oxidized by mycelial extracts. Flax rust uredospores could use aldohexoses, ketohexose and aldopentoses as substrates for polyol synthesis. Uredospore extracts were also capable of oxidizing D-arabitol with NAD+ as cofactor.
INTRODUCTION
Knowledge of polyol metabolism in rust fungi is fragmentary. Wheat stem rust uredospore extracts can reduce D-ribulose to D-arabitol (Shu et a/., 1956) and extracts of bean rust uredospores, as well as rust-infected wheat and bean leaves, reduce triose, pentose and hexose phosphates using NADH as cofactor (Hendrix et af., 1964) . Both NAD+and NADP+linked mannitol dehydrogenase activity are present in uredospores of Uromyces phaseoli (Wynn, 1966) . Radioactively labelled polyols have been detected in rust-infected tissue (Daly et al., 1962) and in rust mycelium (Mitchell & Shaw, 1968) following [14C]glucose uptake.
Maclean (1 97 1) reported NAD+-and NADP+-linked polyol dehydrogenase activity in wheat stem rust colonies grown axenically with glucose as the source of carbohydrate. The oxidation of D-glucitol, L-arabitol and D-xylitol was NADP+-dependent, while D-mannitol and D-arabitol were oxidized using NAD+ as cofactor. Evidence was presented to indicate that more than one enzyme was active with each cofactor. This paper reports on polyol metabolism in axenic cultures of flax rust, Melampsora h i (Ehrenb.) Ldv., grown on different carbohydrates. Polyol dehydrogenase activity in flax rust uredospores is also described. Carbohydrate source in culture medium Flax rust uredospores (153 mg) were ultrasonically disrupted in 10.0 ml Tris/maleate buffer pH 7.4 using a Branson model Soniprobe @awe Instruments) for 2 min in six stages with intermittent cooling to below 4 "C in a salt-ice bath. After centrifugation (15900 g, 2 "C, 30 min), the supernatant was assayed for polyol dehydrogenase activity.
Enzyme assay. The assay was that of Adomako et al. (1972) . The assay medium for sugar reduction consisted of 1 . 0 ml25 m-Tris/maleate buffer pH 7.4, 1-0 mlO.5 M sugar, 1.0 ml0.63 m~-NADPH (or NADH) in 25 m-Tris/maleate buffer pH 7.4 and 0-5 ml enzyme extract. Assays were performed at room temperature and were started by the addition of enzyme. The decrease in absorbance at 340 nm was noted at 1 min intervals for 10 min. The sugar substrates were D-g~UCOSe, D-fructose, D-galactose, D-mannose, ~-xylose, D-ribose and L-arabinose.
The assay medium for polyol oxidation consisted of 1.0 ml 112.5 m-Tris/maleate buffer pH 7.4, 1.0 ml 0 5 M polyol, 1-0 ml 3.85 mM-NADPt (or NAD+) in 112-5 m~-Tris/maleate buffer p H 7.4 and 0.5 ml enzyme extract. The increase in absorbance at 340 nm was followed at 1 min intervals for 10 min. The ply01 substrates were D-mannitol, D-glucitol, D-arabitol, ribitol, L-arabitol and D-glyCerOl.
Enzyme activity was expressed in terms of enzyme units (e.u.1, one unit being defined as the amount of enzyme causing a change in absorbance at 340 nm of 0.01 min-l at room temperature and pH 7.4.
RESULTS AND DISCUSSION
The relative and absolute polyol dehydrogenase activities detected in mycelial extracts following growth of M. lini on six different sugars are summarized in Table 1 . The values have been corrected for the endogenous reaction, i.e. the oxidation of NADPH by the crude enzyme extract in the absence of added substrate. Irrespective of the carbohydrate used for growth, the highest polyol dehydrogenase activity was always with NADPH as cofactor. The rates of reduction of each substrate were linear with respect to time. While the absolute enzyme activity varied with the carbohydrate used for growth, the relative pattern of NADPH-linked activity with the various substrates tested was similar ( Table 1 ). The highest NADPH-linked activity was consistently detected with fructose as substrate. This activity was particularly high following growth on media containing either mannitol or glucitol. The observed reduction of fructose is consistent with the synthesis of mannitol.
While glucose was a good source of carbohydrate for axenic growth of M. Zini (Coffey & Allen, 1973), it was a poor substrate for in vitro polyol synthesis. Activity with glucose was Table 2 
. Polyol oxidation by polyol dehydrogenase of axenic cultures of M. Iini
Activities are expressed as e.u. ( only detected with NADPH as cofactor. This activity is associated with the synthesis of glucitol which coufd potentially be re-oxidized to fructose and subsequently reduced to mannitol. Pathways for the interconversion of glucose and fructose, using glucitol as intermediate, have been described in other organisms (Hers, 1960; Touster & Shaw, 1962;  Holligan & Jennings, 1972; Maclean & Scott, 1976).
The NADH-dependent activity differed from the NADPH-linked activity in that the relative activity with the different substrates varied according to the carbohydrate used for growth ( Table 1) . Activity was highest with fructose as substrate, except following growth on glucitol or ribose where mannose was the best substrate. The NADH-linked activity with mannose was high following growth on all sugars except glucose. D-Ribose was the best substrate of the three aldopentoses for the NADH-linked activity, irrespective of the carbohydrate used for growth.
The only polyols oxidized by the flax rust enzyme after growth of the fungus on sucrose were D-arabitol and D-mannitol when NAD+ was used as cofactor. Activity was highest with D-arabitol ( Table 2 ). The principal activity detected with NADP+ as cofactor was with mannitol as substrate. Slight activity was also detected with D-glUCitOl, L-arabitol and D-glycerol, but not with D-arabitol or ribitol.
The polyol dehydrogenase of flax rust uredospores was most active with NADPH as cofactor (Table 3) . Fructose was the most effective substrate followed by the three pentoses, of which highest activity was detected with L-arabinose. The rates of reduction of glucose, mannose and galactose were similar. With NADH as cofactor the only effective substrates were fructose and L-arabinose. The uredospore enzyme was also capable of oxidizing Darabitol with NAD+ as cofactor, the observed activity being 83.4 e.u. (g uredospores)-1.
Activity was not determined with any other polyol substrate or with N A D P as cofactor.
The uredospore dehydrogenase resembled that of axenic cultures in its preference for NADPH as cofactor and fructose as substrate. Differences were evident in that the NADHdependent activity of uredospores was restricted to only two substrates, fructose and arabinose. A basic difference in enzyme complement between the two tissues may exist, or alternatively the difference could reflect the prominence of pentitols as storage carbohydrates in uredospores.
The Ruffner et al., 1978) . The differences in relative activities with different substrates using NADH and NADPH as cofactors suggest that separate enzymes may be involved. Optimal NADPH-linked activity was detected with fructose, irrespective of the carbohydrate source for growth, but this was not the case for the NADH-linked activity following growth on glucitol or ribose. Results for polyol oxidation also suggest there are at least two enzymes as the NAD+-and NADP-dependent activities displayed different substrate preferences.
The polyol dehydrogenase of both flax rust axenic cultures and uredospores is probably a D-mannitol : NADPf 2-oxidoreductase (EC 1 . 1 . 1 .138) of broad substrate specificity.
Additionally, a D-mannitol:NAD+ 2-oxidoreductase (EC 1 . 1 . 1 .67) may be present.
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